Vibrational Fano resonances in the photodetachment of dipole-bound anions.
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Recently Fano profiles were observed in the photodetachment of the anionic water tetramer and pentamer in the region of the OH stretches [1] . In these small anionic clusters the water molecules are arranged in such a way that their dipole moments combine to form a large total dipole moment. The excess electron is then bound primarily to the dipole moment of the cluster.
The Fano profile occurs when there is an autodetaching vibrational resonance that can be coherently excited with direct photodetachment. The lineshape was worked out by Fano as
where q is a parameter describing the shape of the profile [2] . Fano profiles are seen both in the symmetric and antisymmetric stretches of the tetramer and pentamer clusters and surprisingly all can be fit to a value of q ≈ −1. A simple model for the Fano resonances observed in the above experiment is proposed where a point-dipole and one-electron pseudopotential represents the water cluster interaction with the excess electron
where the pseudopotential V A = γ/r 12 − α/2r 4 contains a term representing electron-electron repulsion and an attractive polarizability term. A single nuclear coordinate, R, represents the OH stretch vibrational mode and is assumed to vibrate harmonically. The dependence of the dipole moment on R leads to non-adiabatic coupling of the excited vibrational state to the freeelectron continuum. Interestingly the nature of the dependence of μ on the nuclear coordinate does not significantly affect the shape of the photodetachment spectra. However the spectral lineshape is sensitive to the value of α. Figure 1 shows how q and the spectral profile depend on the polarizability parameter.
Using parameters adapted from ab initio calculations of the water clusters, our model produces values of q which are in agreement with the experimentally measured values. This allows us to suggest an interpretation for how the excess electron is bound in these small water clusters.
